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krhr
.lúio.rrt. Irrtrtlns ot n.rnrnrrli.rn species rumorcr'. rìchncsr..rncl
ùun.rl compositìon .rle' .r*ess.'d on rhc b.rs;s oi rclrrirr' 
'.rmpììnt qu.rlirr
,rnd corrchrcd * irh clinr.rric chrn{cs. T|r nrosr in,pc,rr.rnt i.runrl rtrrcs -
.rls took pl,rcc.rt rhc frfl\ !,) rriddlc Vill,rtrrnchirn. nritltllc ro l.rtc \/il-
hir,rnchr.tn..rncl Errlv to \{iddlc Plcisr.,cenr rnnsirions. The rurn,,rcr
ph.rs.'.rr îirers.r to ll,nropoli I'U rr.rniirnn corresp<rntìs ro rbr \lnlclle
Pìioceoc clinrte sorseninr. ìnd cin Lrc considcred.r rr.trting point l('r
rhc dìspcrsrl phascs rh,rL ocruncd Lluring rhc \liddlc .rnLl L.rrc Plìocene.
Ar{,1,,r(1 L.e-l./\h (Oliroh rrd lìsso lrUs) both.r clc.rl.lnere.rse in Lli-
icrsirr .rs sell .rs r turnover pulse c.rn I'e dctccred Thc ro-crìled "soli-
e.enr" h.r ro be reg.rrdcd nor onh .rs.r clispersrl ph.rse bur rlso rs ,r rrue
rurnrr rr pulst' thrt is rcl.rrc'il ro the clinr.rtic ch,rnecs (,.cuffing rr rhc rnd
of thL Pliocenc. Finrllv, thc r rnsirìon lrrm Errh ro \l iddle PìeisroccnL,
irunrs rcprescnts r nr,rlr,r comn,unìtr leorgrnizrròn (Llìspersrl followctl
by rurnNcr phrstl th.,t rhoss.r sisniticrnr rnd prîsrc,si.c rejurcn.ì,
rionroinei.lcnrrirhrheorì'croilJCk.rcìinriìreclclicitr'.rncl.cger,rrion
chrngts lcl.rrccl to rhc clìn,rrc stilsenin{. The lestrhs otrr.rintd suppon
rhc.rrgurrcnr rhet clirrr;tic ch:rngcs.rrc.r lorcing i.rcror in rhc fint.rp-
perrrnccs {nurrber of lirst rpperr,rnce, (Ni) .ìnd ftrc qLroricni of iirsr
rppcrr.rnce (ItQi). inclucling nrìgrrtlon't of m.rmn,rl t.rr.r.
IÌid:trnto Le i.runc r gr.rndi ru,rrrmiferi cìcl I)l;o-lìeisroccnc'
deììr pcnìsoìr irrlirr.r rono csrnin.rrc in tcr minì di rieehezzr, clivcniri
c qu:Llirì dcÌ c.rnrpionc. l-c prìncip.rlì i.rsi di rìnro!o. chd cirincrizTrno
il prssrggi,, tr.r le irurc !lcl vilìrfr.:rrhi.rno inierjorq e nredio. clcl Vil-
hlr.rnchirno medio e supeliore t dcl {ìrlclirno inicriorr e nedn'. rcrr-
sono ,rn.rli:,z.rte in rrgrono.ri crnbi.rrrcrri globrlì dcl clinr. Il rinn,x o
iru:risrieo. riconoscjt,il. .rl p.rss.rtrio rr,r lc unirì iru,risrìchc di frivcru.r
e di ,\lonropoli. può crrt rr visto corrri: l inizio dì un,r i.rse di dispr:rrio-
nc c diiiLrionc di nuor i r.rr.r nelh penish. chr \i rcrliTTcrì neÌ corso
del IJlioctnt nedio c rupcriore -l.rle ctcnro è dr poni in rtl.rzionc con
;l dcrcri('rrD.Dro.linì,rrico *lob.rlt. cìre r.'.le Iinsr.rur.rni pcrrrtrnenre
dell.r c.rLxr,r sltìci.rlc.rrric.r ed ilplrLlonrìn.rrc dclìr cicliciri con pcriodo
dì circ.r.+l hr. All:r iinc rlel PIioccnc. rrr circr 1,9, c 1,7 N,la (ùnirì f.ìu-
nisrichc cli ()liiol,r c T.rsso), un nuovo rìnnovo dctcnrrìn.r un sensibile
rumcnro dclh ricchczz.r spccilìcr. ll cosiddcto "* olf cvenr" può esscre
considcrrro non solo conrc unr frse di dirpersione. nr:r ;rnche comc un
rerc' trmorer. ir.oriro d.rlle vrrirzioni clim.rriche che c.rratrerizzano l;r
fìnt Jeì I'liocere. ìn p.r|ricolrrc ncll rrc',r ncdirerr:ìncr (srrd; 6a-61dclli
scrl.r Jel segn:lc ìsotopìco dell'<,ssigcno). La transizx,nc rr.r faunc dcl
C.rlcri.rno inicriore e nrednr, rapprcscnt;r l: principrle rìorganizzazione
dei conrpl..ssi trunistici :r snndj nr.rnrnrileri dclh penisoh italìan:r, c.r-
rrn.rizz,ì!.ì di irsi di dispcrsione. sclluire dr ler; rurnoter.
lntroduction
During the Plio-Pleistocene several ;mporranr cli-
matic L'vcnts c:ìn be derected that affected faunal and flo-
ra richncss and turnover. \\,hile changes in divcrsity do
not ncccssariÌ\'intplv a reconStruction of ntammal com-
!ìrunitics (consistcnt with thc "equilibriunr theory' of
MacArthur 3r Vilson 1967), physical and/or biotic envi-
ronnlerìral variations, principallv those caused by climatic
chîngcs, cîn detcrnline concurrenr biocvcnrs in muÌtiple
ìine:rscs. These r':rriations, ìn rurn, can chxnge the com-
mul'rirv srrucrure as well as affcct taxononic diversity.
Sonre nrodels havc been proposed to explain the regula-
tion ol f.runaì diversitv n'ith rcspect to tinre, emphasising
the role plaved bv both phl sicrl and/or biotic factor s.
Chrnges in nrrmmxl faunal diversity through tinre
has oftcn been considered rhc result of bioevents cor-
rclarecl t ith maior climaric changes. The role played by
enlilonnrental factors in divcrsitt'changcs has becn in-
terprctcd in \':lrious \\,!'ì)'s.
Dcp,rrrrntnro de Cicncirs cìe h Ticn.r. Unircrsitl.rd dc Zrr,rcozr. 500C9 Zr, rso/,ì. Sprìn. c-m.ril: .rzrnzaú pi,rr.r.uniz:r.es
Dip'rrrìlncnrodi5cjcnzerlcll.r'lcn.r,Uni\cr]'il:1!lcgìi5rLrdidìliolrr:r
l']i.rzz.rlc Aldo 14or,, a 001S5 Ronìc, It.rlr: e-nr.ril: nr.rri.l ìt.r.p.rl,rnbo(, unrlonr,rl.ir
l)rp.rrr.rnrenro Jc 1'.rlcobiologi.r. Ilurco N,rcìon.rl clc Ciencirs N.rtur:ìr.s, CSlO,Josi Gutiérrez Ab.ìsctrl,l -:8006 Madrid, Sprin.
c n,.ril: nrlbcrdit,, nncn.isic.o
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Follon ins thc "Srarionarv" model. dilcrsirv is prinr.r-
ril1,regulated bl density-dcpendent facrors oi thc phvsic.rt
enlironnren! (Rosenzs'cir 1975). Accordinr-l ro rhe "lìed
Quc.en hlpothcsis". cquilibrium condirions c.rn be nr.rin-
trincd b)' densirv-dcpendenr esrincrions and oligin.rtions
(inrnrigrarions). .rnd bv coevolution. Thcse ch.rnges in equi-
librium mav be dr,rc ro inrernirl dl nrrnric ol corrrpctirive t.ctl-
tionships, and do nor necessrrilv predìcr r close dcpendcnce
betrvcen najor clinrttic chanqcs lnd elolurionrrrr. elt'nrs
(Vrn Valenr 1973; Srcnseth & lvîar.nrrrd Snrirh l93>). .\bi-
otic frctors pll :rn imporcant role in dilc'rsitl chinges. .rs
*,cll rs, indicarcd by Vrba (1996;r. b), Behrcnsnrcr.er er.rl.
(1997) and Azuzr c rl. (1999,2OCC). \\'irh rcspcct to rhe
rolc plaled bv biotic f:rctor in rn:rnrnrll radi.rrions .rnd errinc-
tìons the "Turnovc'r pulse hlpothcsis" (\'rtr.r 1992. 1996 r)
hvporhcsised thrr nrosr of linc:rqe turnolers occurrcd l hcn
eroups of orglnisnr sprelcl in pulscs corrreì.rtcd rvith chingcs
in thc phvsicll environmcnr. Accordinglrl clinrltic i.rctors
rrc rssuned to be a driving force in dilcrsity chlngcs.
Folel (199+) and Whire (1996) highlighrcd sonre of
thc problems inlolled in collelaring bioric pulscs l'irir cli-
nrate chtnses. Thel nrlintrin th:rt climatc rfiecrs thc elolu-
tion;rn' process printarill throuuh cxrinctions, l hcreas rhe
Itppc'lrance of nen tlxa depcnds prinrerilr. on l.rctors suclt .rs
local competitive cond jrions. More or,er', Almv ( 1996) indi-
c,rrcd rhar rhe applrenr correlltion bets een oligin.rtion .rnd
extinction ratcs is a br-producr of strtistics, rcsulting fronr
thc nced for ln artful coincidence oi the firsr .rnd l.rst .rppe.rr-
anccs oi taxa knos n during ir singlc renrponl intcn il.
Onc of the purposes of rhis paper. is ro cvlluatc.
the possibilirv oi corrclrring flunal rc'construcriol rr'irh
ch,rrrges in environmental conditions thar s crc ilssun.ìed
to h:rle occurred at rhc rr;ìnsition bet*,ecn biochrono-
Iogical units. In order to comp.rre differc'nt nrcrhodolo-
gics. three alternltive irpproirches irre tesrccil ts,o brrsed on
uncqual (biochronological units) tinre inrenrls and one
on equal intervals. To elaÌurte rhe faunal turnor.er in un-
equrl intenrls, tu'o diffcrent nrcrhods are r,rsed based on
rhc appearances plus crtinctions occurring:lr the s:ìn.rc
intcr-r'als. end on the nu bcr of cxtinctions lntl nes.oc-
currences ar the cnd of a biochron ànd ar rhc bcqinninr:
ot the successive onc (Az;rnz:r ct al. 1999,IOOO: Palonbo
in press; Torrc er ,rl. 1999; :rnd rcierences thercin).
This s'ork con'rpares rhe rrodels resuhing ironr
thc, different nrerhods xnd er alulres ro *.h.rt e\rcnr rlìcsc
nroclels could bc considercd a sr:rtisricrl :rrrifice,:rnd ro
s hat extent do thel rcpresent iìurhenric p.rttcrns of dir.er.-
sit) pulses (or chrnges in diversirv) rhrough rime.
Blochronological and environmenlal f ramework
The nrain iaunll evenrs occurrirìg cìur-ing l *ìr'en
tinìc sprn have been used bl vlrious ìuthors (cir. inrcr
alios Anrbrosctti cr a,l. 1972; Azzaloli 1977, t93,i; Az-
zrroli er al. I 988; De Giuli et al. l9S3; Caloi 3. Palombo
1996 Gltozz.i et î1. 1997; Perronio N S.rrclcll.r 1999; rncl
refcr.nces rhercin) ro tlefine .r f.runll b iochr.onolo gicil
scttilrg, .rncl ro iurih se tìrc Iaun,rl r.cnc\\'.rl .r rhc trlnsi-
tion bctwccn biochront)gic.rl Lur its.
Sercr.rl biocrcnrs rci.rred ro <rtirreric,n. or.ilirr.rrion
or loc.rl tvolurion, arc consideled to be closell rel:rtec1 tcr
nr.rjo| pulses of rhe Ne ogcne-Qui clnrlrr, gÌiìciil rrend
in rhc l\Ieditcrr.rne,rn rrrca (Azz.rroli lgSl; Azzarolier al.
1988; (ìrloi ò. Prlourbo 1999; I).rlonrbo cr ;rl. f00-l rnd
refelcnces rherein; P.rlonrbo & \tussi lCCl: S;rrdelh e,r ll.
1993; 'frrrrc er el. 1999,2001).
Thc nr.rjor cvcnt oi thc larest Mìocene (rbour 6.I
- 
5--l ìlr) conesponcl. rr ith the \'lessinilrr srlinirv crisis
(Aguìrrc cr.rl. 1971,; Cir.r cr iÌj. 1995). lt h:rs trecn pos-
tullted rh.rr this ph.rsc pror iclecl :r nunrbcr oi nrigr.rtion
possibilirics for lucl rrrrrnrrrrrls betl ecn Africir irnd Eurir-
sjl.:rlthough sonre inrnrigr.rrions:nirr hlve takcn pl.rcc vi,r
Eurrsi;rn roures prior ro rhe llessiniln crisis (Pickford
ct:rl. 1995: .\gusrí 3i Llcn.rs 1996). Ar rhc l{io-Pliocenc
n iìnsiri()n (.rrouncl 5..1 ì!la) rherc * erc signific,rnr ch.tnges
in thc phlsicll cnr ironnrcnt, inrerprcrccl .rs l fjrst pulsc
ol thc llrest Ncogcnc gllcill rrends. Thc rurno\.er prt-
rcrn ofiered bl Alberdi er ì1. (1997) for rhc )lio-Pliocenc
rrrnsition shor(s r high r.rlue of iir.sr ilrÌd l:tst rìppcitrtnc-
cs, t'hich sccms ro be nroru indicarivc ol l turnover pu lse
than .r dispersal clent.
Around 3.-l \l.r .r cooling phrsc took phce , in rvhich
rlrc clirrr.trc became cooìcr.rnd dricr.rs docunrcnrcd both
in nr:rrine ,rrrd in conrincntal enlironrrrenrs (Sh.rcklcron
1996), Tlrc lcnc'n-,rÌ of nr,rnrnr.rl lssentbl.rges ìs ;r r:lol.>ll
clenr. cvicienr in thc fossil record of [urope ls,r l.holc.
The Irrli.rn iaunai corrpler of rhc Tr.ilcrs.r i;ruu.rl unir(l:U), thoush renerr ecl s'ith respec! r() Ruscini.rn fau-
nls, rrr.rint.rin ruoist forcsr ch.rrrctcrs, .rs indicltecl bl
thc prescrtlc,,i rhc hi!:lru.r rrurr[rcr ol ior(\r r.t\.r, ]\l
.rrborcal onrnìr'orcs. Aircr Albcrdi er .rl. (1997), rhc f;rsr
nrlrinrulr pe.rks of divelsin in the \lcditcrrlnern nranr-
nral hunls irrc detecred durinq the l.rresr C.rinozoic tiruc
sPi1n, r'ìt :ìround .ì.0 Mî.
Thc onsc'r of bipolal slaciitions occurrc.cl be-
tneen .1.0-1.(r l\fa, iollos.ed bl gl.ìci.rl-interghcirl cv-
cles oi nrorlcr.rte.rnrpìitudc sustained.rr thc orbit.rl ;tc-
riodicitv ol 4l kr (c{cMcnocrl & l}locnrencl:rl, 1996). In
rhe nriclclle l.rrirude of the Norrh Atl:rntic rhc lir.st mljor
influr oi icc-rafrcd clelrlis .uound rhc Gltrss/l\,lrruvlrr
bountlur' (oxvgen isoropic sregc (()lS) lC-1, Sh.rckle'-
ton 1997: PJrtridge 1997; ilnd refcrencc thcrcin) coin-
cidecl \\'irh .r profouncl chrrnse in thc Eurrsi:rn florir ,rs-
scmblagc (i.c. Criclruk 1997). Shacklcton (1997, p. 
-1.+)
po;nts out th.rt the botrom of the Uppcr l)lioccne Ge-
l;rsian St.tr.lc (.rbout 2.5 1\1a) rpprorirrr.rres thc cuìnrinr-
tìon ot r serics of cr clcs or er s'hich rhc inrensitt of rhc
{ì.ì( i.ìri(,Ìì. itr.rJu.ìllr incle.r',.. L. rrr ccn .rbnur J.0 M.r,r d
rbout 1.5 \'la. Glacill sîrges l0+. lCl rnd tOO represcnr
clearlt definecl e\-enrs; rhc\' .rre succecdcd br'less sell-
dcfìned ilLrctu.rtions.




































This nr.rjor biotic eYcrrt lround 1.5 lllit corrcsponds
l'ith rhe so-crlled EzTrrr-s-cl('ph.ì11 evenr iluring thc Vil-
l.rfrrnchian (Steirringc'r et,rl. 1985; Azzrroli et rl. 1988).
n,hich has bccn chosc'n as the boundll be'rn.een qru-ly
rncl nriddlc \rill:rfr.rnchian (Crloi c\ P.rlorrbo 1996). Thc
proiusc chrngcs of ilor,r and l,runa duting Ihis elent h;rvc
promptcd sevcr:rl luthors (Alberdi cr al 19971 Suc cr ll.
1997; and the rcicrences thcrcin) to propose pllcins thc
Plio-Pleistocenc boundrrv hcrc.
I:orest t:rx.r markedlv diminish in thc'It.rli;rn IIon-
topoli FU, s.hile scver:rl ne\\ I'ìcrbilorcs,l,rrge-sized mrnr-
nrlls .rrrd p.rchldcr nrs appcar, In the north-s csrcrn ìfedi-
rcrrancrn i'Ìl crr thcÍc is aiso l ntodificrrtiou in the vegctl-
tion p.rrtcrn:,4r?carisl,r steppc is rvidcspreld during gìîcirìì
plr.rscs altcrnating s'ith dcciduous tolc'sts cluring interql.r-
ciirl phrses (Suc ct al. 1995).
Afrer rhe llliddlc Pli()cenc clinliìtc \\'ofscning, in rhe
timc span incluclcd betl een thc Reunion norm,rl magnet-
ic episodc.rnd rhc Oldur',ri mrsnetochronozone ("Srint
Vlllicr " and Costa S:rn Girconto FUs, scnsu Gliozzi et
.rl. 1997),.r slight lo*cring oi the tcnrperirture :tltcrs thc
veget.ìtion, .ìt Iclsr in thc'Vcstern I'leditcrrrncln .rrc:'t,
gitir.rg r-ise ro nrore opcn enlironnìents (Suc ct rl. 1995:
Torre c'r ,rl. 2001). Among other bioelcnts, during this
tinre l furthcl i.runal renc.r'al c.rn bc dcrcctecl, inlolting
rhel'.rtePlcistoc.'ne.l.hrcc.r|lcrnlri'cllppl,o.rrhesrrccon'icltrer1b.rs
inr.'n.rì' r'.',: erphn.rrion. in rrrtt. D.rr.r ir','n'Lrb. 1. LrnJ i.
rhe dispcrsrrl oi,r canid closeh'related vt Caris etruscus,
the so-c.rllcd "noli-event" (A.zzeroli 1933). This cvenr
is possibll nrorc gradual th,rn previoush'supposcd, cul-
nlin:lting :lt tl.re beginning of Pleistoccne it the tirrc of
rhe T.rsso IrU. During thc follos-ing E:rrlv Pleistoccne,
rl'ìere Nls l slighr bur progressilc decrcasc in thc alerage
rcnìpcr':uurc. Around I Nliì iì period of cooler and drier
conditious. possiblv thc so-called "Glaciirl Pleistocenc"
(Sh:rckleton 198.t; Sh,rcklcton & Hilì 193'l) gives rise
ro a rcmlrklble reconstruction oi f:runll assemblages
.rnd ,r ru,rjor conrmunitv rcorgnnizirtion (see Alberdi et
i. 1997). An inrporr,rnr flunll reorganiz,rtion occurred
during rhe cìinrlrc norscrring, rvhich follon's the L,:rrh'/
Middle Plc'istocene [,ound,rq (correlrtcd rvith OIS ?5:
Cit,r 3. Crstndori 1995). Glacirl interghcial phescs [re-
ciìne nro[e.rcccntuated arrd rhe dorrinarrt periodicitl ot
r'.rrirtion shiirecì to I0C k.r, conc'sponding n'ith nrssilc
Northcrn Hernisphere ice shects (Suc et,rl. 1995; Shrck-
leton 1996). Dr.rring the c':rrlv Middle Plcistocene (nrid-
dle end irte Galcrian scnsu Gliozzi ct al. 1997), phrscs
oi clinrite lorsening .rnd periods of incrcase scrsonll
variation .rnd rriditv hr'oured ir u'idesprc.td steppe-grrss
l.rnd, rrhile dccìduous forests notìccablv diminish. Sub-
sequerrtly', from OIS I I, intcrglaci:rl phrses beconrc pro-
gressivelv nrilder in rhc'Iledirerrane,rn area and thc',rver-
5-r.t
àge rrrc oi hunriditl increrses (\'ergnoux-Gtrzzini et ll.
i990). Broad-leelcd sooded arc.rs beconrc rrrorc nidc-
spr-cad resuÌtinq in morc filgmenrccl enr'ìronnrentll con-
ditions. The be ginning of thc l-.rst GÌ.rci.tl nr.tlked l dr.r-
rnrttic chrngc in thc vcgct,rtion cc,r'cr thrt;rfiectccl borh
l.runa richncss ls rlell rs structure.
Morcover, it is n'orth nlentjonin{ tlìit clue to thc
conrplcx phisiogr.rphy ot the Italirn Peninsul.r. its renrrrk-
able htitudin.rl cxtension (in comp:rr ison s,ith its lonsitu-
dinal extensìon), .rnd tht' rolc pl:rlecì bl thc N{c.diterrirnelrr
sel, inrnrigr.rtion clents wete gencrallv morc important
rhrrn enrigrltion evcnts, Hence! the evcllution oi Ir,rli.rn
iaunal complcres offer.r perticulirrlr unique opportuni-
rl ro rìnrl)'sc the ìnfluence oi r'.rrious i;rctors alfcctir-rg
chugcs in richn.'ss, cliler sitr' .ìrìd structure crf nr.tmmlì
assembl,rgcs rhr ough tiruc.
The lt.rlirn local hunrsi spiurning fronr rhc Plioccnc
to the Holocene. h,rvc been ordcrcd in .r l:icrcl-rronologi-
cil scclllcncc on rhe birsis oi l1 app.rrencc anc{ crrinction
evenrs, 2) concr.rr'[ence of t.tra, :rncl -j) on thc blsis of
scilllt) srrrti gr'aphic, p.rleorììrilnr'ric,rud geochron olo g-
icll drrt.r. Olcr tinrc, sclerll biochloloìogicll schenres
hlve bc,en proposccl tlliÌt hrvc bccn ercntu,rllv cliridccl
inro \1:ìrÌrìrirl Accs (NI.\s) .rnd furrher sutrclividcd inrcr
scver-aì feun,rl units (FUs) (Glbzt.ì e.I. 1997: Petlonio Ei
Srrrdclla 1999) (Fig. l). Folìol'ing .\Ìbcrdi et lrl. (1997),
bioch r'<'no logical r.Lnjrs should be assunred to lcprescnt
"l,rpscs oi tinre cìlrring rvhich faunas hlve ccrt.rin tno-
lrorìlic horìroqencity-. the cìiscontinuirl betuecn thcrn
correspondìng ro faun,rl reconstruc!ions iìssocirted $ i!h
nl.lior changes in cnlironnental conditions".
FUs should bc considcr-cd to be the ìon est lankecl
biochrons, brsed on rrultiple bioctents lnd on alì species
fronr locll [.runls sclectcd is tvp]ciÌl rssocixtìoÍìs. Nelcr-
thcless, thc biochronologicrrl schcme currentll uscd ior
Itali.rrr large nilnìnrls is b;rsed orr f.rurrll cvents rhat:rr
tinres lrre dqrivecl ironr jusr l fcrl t.rx,,r, espccially',rs i,rr,rs
Middlc Pleistoccrre t:lunas iu e concerncd. Consequent-
lr', thc FUs proposed Ior It.tlirn rrsserrblagcs h,rve onìr'
,r local r',rluc. Nonctheìcss, thesc l-Us constinrtc.r lioocl
rool ro test flunirì ch'rnges fronr,r mcthoclologìcll point
of r'ìcu (P:rìombo c't ;ì1. 2003).
I'fotcorer. the scirntv ltrlian ilunas belonging to Rus-
cini:rn l\tenrnrel Ase do not pcrnrit us to detect thc dr,rstic
f,runrl tu,nover nrrrkìnq rhe beginning of the Vìllafr.rnchi-
rn N,IA, \\'hich is clercct.ible in thc iossil record of scver.rl
turopcan coulrrries {Agustí ct ll. 193/: Albcrdi ct rl. 1997;
Koufus & Kostopoulos 1997). Accordinglr', ue hrve ertencl-
ed our'.rnalr sis ro incìudc the llte TuroliJn frun.ìs in order to
highlighr, withir thc !ufnover. thc signiiicrnce.rncl itlpor-
tlnce of rhc chlngcs ir divcrsil'.rncl stnrcture of nìinrnìiìl
comnrunitics et thc N'l iocene-Pliocen e tlinsrllor'1.
Methodological approaches
,\n .rnehsis of ch,rnges irt richncss .ìnd !ulnovcr
ll. A,'anza,,\1. R. I\lontb,, k ,\1. T. Alboii
oi Plio-I'leìstocene nliulrll;ìì comnrunities from thc Ir:rì-
j.rn Pcninsull n'rs perforrrccl on updîtcd, prci.ìousll col-
ìectecl cl:rt.r (Azr!12.1 r'! .rl. 1999; l)Lrìonrbo ,\ lllussi 2001:
Prlonrbo er.rl. 2003). Thc r.rrorromicrrl conrposition of
severrl loc.il frunls h,rs bceu rcconsìdercd. Both rich:rs-
scnrbl.rges ,rnd poorcl orres (u hich ,rlso allow biochrono-
losicll or ecologicirl ch.rractcrìsrtions) rvcre includcd. Wc
:riso selectecl lor arrirh sis tr\r th.rt \\'cre either conrmonìr'
found rt p.rì.rcontologìc,rl sìtes, or thet hed.r pcculirr bio-
chronoìogic.rl or ecokrgic.rl signil ic,rncc. Thc biochrono-
logic,rl rangc oi thc lattcr r.ì\r wrrs also fulll reessessccl.
In orclcr to e\'rluire rhe cons!r.ìinr oi rhese prrrerns dLlc
to bilses rcllred to rccolcl irrcontpìctencss. it nas neces-
stiry ro evllrLltc tlrc qLrllil of thc dat.r.
Data quality
Not llì tinrc inrcrvrls.rrc cclu.rìlr rcpresentecl b1 the
sJme nunll)cr of specics. Thcse differ cnces miv leflcct ic-
tull richness chrnges ol rhcr nr.l be tluc t<> inconrpletc
slmpling. ,{ strnclrrd nrcthr>d ior pltil}lv conectinq rhe
Lurderes!jnliîjon of richness in l prrticul:rr interr'.rl is to
infer tìre occurrence of krìo\\'n spccies from preccding and
succeeding intervrrls or of rirnge-througìr r:rx.i. This nrcth-
od, knos'n.rs the' nrininrunr census techrriquc (Rosenzn'eig
Ec T:rvlor 1930), is conrnionlr,applicd to anaì.v*ses of nri'rn'r-
rn.rli,rn richncss (Stuckv l99C). Thc rcl,rtive s.rnrpJinr quel-
itv cln be cstinrltc'd fronr thc proportion oi r rnge-throui.:11
specìcs inrerr',r1. Tir o conrplcten.'ss inclices (CI) h.rle been
proposcd: Cl (Cl = lN /(N + N )l x 100) and CIbdî
(CI 
,, = ltr--,.. i {N.., + N. )l x 10C) (Kr.rrse 3', N'lrrLrs 1990;
Il:resl\ Kr;rusc 199,1; ìvl.ras ct al- 1995; scc crplenations in
Azanzr er a1. 1999). Lon'inclcx vlìues (< 70, aiter N1r,rs
er al. 1995) arc likell to undcrestimile ,rppc,rrences, dis-
irpperr.lnccs rlnd ti]xor'lonl;c richncss of intet!lÌs.
Diversity
Diversitv is gencrallr usccl to .eicr to the numbcr
oi tar,r in .r claclc or frtunr in l gilen rrrea cluring a speci
iied ìnrerr.rl oI rinre. ln this n'ork, lc use this dcfinition
of dilcrsitv to clescriLtc thc conccpt of richness. Spc'cies
richness is conrnloÌlll mcirsured iront rhe totll number
ol tlre th.rt actuelh or ptrtcntillh occur in ercll inlcr
r,.rl. This nre'thod .ssLrnles thilt iÌll ilppear.Ìr'lces occul Jt
the beginning,rf rhe interr'.rl .rnd thc dislppe,rr.rnces:rt
rhc erd. Thus, r'ichncss could bc ovcrestinlitcd. It is pos-
sible ro st.rndrrtlise thc number oi trrrr rhrt porentirìll
occuì' rt .ì gilen tjnrc intelr el bl consicle:-ing rhc spccics
lichness .rr thc nrid point oi clch tinte intcrr'.rl (Hirrp-
er 1975; \4.urs er :11. 1995). This nrerhocl. cellccì strncì-
ìng richness (Nsr) (H:rrper 1975), is conceptu:rllv sinri-
I'rr ro thc running mc;rn (\\'.'bb 1969). St.rncling richrress
used ls:ln index of clìvcrsin-is crlcullted irom rìre totrl
nunrlrcr of species (Nt). îhc nurrbcr oi spccies crf c.err'
faun,rl unit (No), thc nunrbcr of species bcfolc-durins
,rnd ,riter elerl irrun,rl unir (Nbdl)..rnd fronr the nuntber
of specìes befote ancl lfter [,ur not ìn a givcn irunaÌ unjt
(Nlr.). Fluctu.rtions oi thc nunrber oI cocxisting species
could rcfÌcct lctu.rl richness changcs ol could be due rcr
incomplete fossil lecords.
Turnovct
A restructr.rling of the nt,tnrnrll contrnunitic's coulcl
be causcd bv r.rpid rurnover in n'hich nrultiple crtincrions
;rrc lolloned bv I nlvc oi originlrions. Bec:ruse speci.r-
rion rnd intntisration shouÌd not bt'distinquishiblt', lc
rreir borll ;rs'first historical occurrcnccs' (FO). In likc
nttn!'ìer, local e\til'rctior'ts .ìrc treated as'ìlst occurrcr'tccs'
(LO). FaLrn;rl !ullÌover rhrough rinre could bc assessc'cl
sinrply' frorr thc tot.rl nurnber of first.rnrl l:rsr occur-
rcnccs ìn eîch tinre inrcn.rl. But this nrcthod hls inhcr-
cnt biases such ls rlre difference in durrriolr,rnd nunrbcr
of tr)i;ì amons thc rintc inrervals. R;rte quoricnt (lìQ) is
r nrethod thrî irtte'mpts to norntllizu rhesc bilses. Thc
ipperrîncc and tìislppcrrrencc rirîc quotienrs (lLQi :rnd
RQI respccrir eìr') ire cilcul:rre d irs rilc rario: RQ = Ro Z
Iìc (Ro = observc'd nunrber oi iir-st or-llsr occurlcnces;
Re = expectc'd nunrber oi [irst ol l.rsr occunences). Es-
pcctc'd rltc is cirlcullted usinq multiple regrcssicrns of rhc
natural log:rrirhtn ol the obscn ed nunrlrer of iirsr and llst
occurrenccs on the nrìturxl logarithnr of spccies richncss
.tnd the narural krqiìrithnr of the durltion oi thc intcnll
(Gingcrich l9S7). tn rhe crse o[ thc E'II (L.qurl Tinre
lnrervll) irpprorrch it is not necess,rrl ro nolntalizc for
interral duration. E\pectcd rarc is c.rlcul.rtcd using lcsr-
squiìred regrcssion of nilturîl ìog.rrjrhnr of the obscrr e'cl
turnor'cr of iirst ot l.rst occur'[cnc!'s on the nalu].al log-
rrrithnr of spccics ricìrness. To rsscss thc oler,rll sigrriii-
cirnce oi the obscrlcd turnolrr plttern, \vc use the chi-
squ;rre (7') gooclness-of-fir ro tcst the dcprrrùre of rhe
observed pattern flonr ln erpectcd disrriburion oi iirst
irnd last occurrcnccs (Lhlrv er el. 1995).
Our null hvporhesis is thrr rhe first rnd hsr oc-
cuncnces shoulcl be cqurllv probrblc in lll inrervlls lnci
consc'quentlr',should bc r:rndonrll disrributed :rnrong thc
intenrrls. In othcr s ords, .rppear,rncc.s .rnd diseppelr':rncc's
c:ln occur:ìt .rnv nromcnr. Tlre lltcrnlrile hlporhesis is
the piìttcrn observcd: iirst.rnd l.rst occulrcnccs irc con-
cc'ntr;rtcd in certlirr rìronlcnts thiÌt irr D()r cluc to ch,rncc
bur rrtrher to conclete cruscs - global chirngcs.
An r!ternlrìr e .rppro,rch is rhc boorsrr'rpping nteth-
od for-mulrtcd bl Gilinskr' (1991) and nrocliiied bv !1.r.rs
cr il. ( 1995). This mcrhod tesrs rhe null hvporhesis th.rr
[irst lnd l:rst occurlcDccs iue randonrlv clisrributecl.rnrong
tiunal inten rls. Thc resr disrriburion of clch inren rrl ct.rn-
sists oi the expectccl numbcrs oi firsr ,rncl l.rst occurrenccs
gcncrrred for crch oi 10,000 siurulrtiorrs. For cech sinru-
lation, species rlrrges are shuffled r.rrrdonrll lnrong inrer-
vals raking into lccoulrt that erch spccies h;rs onh ouc
:Ìppcîrence event .rnd orre dis;rppclrcncc' ele[ìr. drtunr.
iltd raniles cannot bc rnrncetecl.
A major problern in erpl.rinint thc regularion rrncl
rnrinterìnncc of divcrsitl, using rhc fossil lccord is horv
Plioctrc PlcistoLtnc ntdntntl tunloaL't itt Iùll 5 r5
to conrrol \'rriitions rhrough tinrc.
In rhis p:rp.'r, rhree llrcrnlrive lpproìches iìre con-
siilercd tnscd qrn unequrJ rinre irrtcn.rls (biochronolori-
cal unirs) (UTl-BU ;rnd UTI-clLrsrer.rpproirchcs), cqual
rirrrc intcrvrls (ETI approrch), rnd rurnover index (TI
.rppfoach). For rhis l:ìrrcr:tppro,rch, rrppelrlnces 
'rnd dis-
.tppcrrr:lnccs of raxir ar thc rr:rnsition betrvt'clr cach bio-
chronological unit rr ere countcd.
The unequal time intcn'als (UTI) approach
Tìrc uneclull timcs intcrr':rls uscd iirst:tre thc BUs
(NlAs for the l-rtc Nlioccne rnd Iilrliest Pliocene firunrs,
FUs tor the o)orc rccent ones), n,hose possiblc dura-
tion r,,rrics ironr I \{.r to IOO kr (UTI-BU). This length
ot clureriorr is especirlh.rruc for rhc N,li<ìdle Plcisroccnc
FUs, s hich convenienrll nìiìrch, Drore or less, thc Mid-
dlc Pleisrocerre inrer-glaci.rllgl.rcill cvcies.
A sccorrd rrnllvsis is pcrirrrnrcd usìng the clustcr
rcsulting fronr.r multiliriirc nrcthod l-rascd on tl]c con,t-
rÌron pre\cncc of t.lxl, previouslv applicd to test the affin-
itv rnrorrg sclccted Iralien locll frrunrs (LFAs) from the
l;rtc'sr ìliocene to l.rte rhe N'lìcldlc Plcjstocene (Palonrbo
et rl. 2C03) (UTl -clusrcr).
The rclrtilc srlnrplins qu.rlir\'.ìnlong rhese une-
qu,rt intcrvlls is csrimareci br complereness indiccs (CI
.rnd Clbd.u Mus ct rl. 1995) b:rscd on lhe proporrion
ol rlnge-tlìt'ouglì tasa and inferrccl ()ccurrences ol tixrl
hckins in a gircn FU, bur knonn from precedinu lnd
succeedrng oncs,
The equal timc intervals (ETI) approach
An lltcrn.rtire lpproach is to use equal intcrr.irls,
bur this rcquìr'cs precise orr.lering of rhe tirsr and last;rp-
perrrnc!'c\-eÌìts of taxlr. This orclcring cannot be achicled
clirecth,frolr the Plio-Pleis r oce nc conrincnral record of
the lt:rli:rn Pcninsulir because nrost of data corne fronr iso-
lrrted localities ,trd lge c:rlibrrrrions îre rerl scarcc. Thc
piìrsinron\'-bised rrcthods dcvcloped br Alrol' (1992) are
used to establish the'ippeiÌrince etc:nr sequence. Chrono-
logic:rl relationships.rrc dcrcctcd rh.rt idenrilr. thc taxa
th;ìt h:r|e.rn ovcrllppint (conjunct) or non-oYerlappin{
(disjr.rncrive) distriburion rcross scrs of taxononric lists
(Alror J992, 1994). Calibllrion ol thc lppeirrirnce cvcnI
sequcnce is possible |r'onr tht rviril,rble radio-isotopic ud
prìcom:rrnctic clat.r of sclccrecl loc:rlitics (Alrov 1992).
Ner enhcless, rhis c.rlilrr';rtion inrr-ocluces rì rc'n'ìpor]l dis-
rortion thlt beconres grc:rtcr.rs .r'r'ailable d:rring dinrirrish-
cs, such:rs irr the case oi Iralilrn iilunîs. In our c.rsc (l'ir:,
2), the disror.rion bcrs'e'en,rcrurl rrnd estinated rscs of
loc.rlities inclicirtcs ;ì cenrricrion oi rintc ber\\.een .1.5 irnd





.tn ). and <1uite t<xrd corrcspondence during thc rinrc spln
h-onr 2.0 to .100 li.r (lrte Vill:rf ran c h i,rn- Lrtc' Galcri:rn ). Thc
erfh'íìnd nriddlc Aulclian rre phced nrore rcccnth, bc-
tn'een 400 lnd 0 kl. To cleiine.rn oprinrll interv:rJ lcngrh,
the ordcr oI nrisnitude corresponcling ro rhe nrinor lcnlath
eslina,ed qges
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Fig. I - C.rlibrrrion oi rhc .rppe.u.rnce evenr sequcncc is possil.lc
fron r,rdio-isoropic.rnd p.rleomagncric iges Lstinrrr.d tor
locrliri.r t-\l|r'r' I991. l99Jl lzrnzr cr .rl l9(.,t)). \elrrrh.-
lc.', rhi' c.rlibnrì,'n intnrtluces r tcmporrl disrorrn,n th.rr
beconrcs inclc.rsinslr qre.rtcr.rs.rr.ril.rble <hrirrg ìs les'. Thc
disarltion betsccn rc.rl .rnd estirn.rred" rgcoilt,rìi.rn sc-
lecrccl loc.rlitic' .rr. hcre erprcssed grrphicrll,r
of thc biochronological units (0.25 Ma) is selected, so.rs
nor to cclipse c|olution.ìry evcnts. Contpletencss indices
are not cllcul:Ited in the cqu,rl time iìPProich.
The turnover (TI) approach
Dilcrsitv in taxonomical composition bet\\'een t\\'o
succeeding biochrons can be regarded iìs a fxun.l turno!er
\\'hen rhe renc\\,al is duc both to locrl cxtinctions and to
appearinces of t,rsa. An increasc or dccreasc o[ richncss
depending on only one of thesc factors has to bc leglrd-
ed ls l dispcrsal or c\tjnction evcnl.
Consequcntlr', fìunll rencrvtls c:rn also [rc cstimatcd
from the nunrbcr oi crrinctions and lppearences at the end
of ;r biochron rnd at rhe bcginning oi the successile one.
As preliouslri borh speciltion lnd immigrations c:rn be
rrclted.rs'iirsr occurrcnces',.rnd loc.rl crtinctions ls'lest
occurrenccs'. This nrethod of lnllysis cn;rbles us to tcsr il
sorne nich.'s that beclnre l.tihblc' during a silen FU will
bc occupied b1'ne* imntigrlnts during the succeeding in-
tcn'al, The ecologicrrl prcfcrences of cxtinct irnd new con't
crs tlre elso ,rllos' us to c\ iluìte cl'ìiìnges in the structure
of nr.rmm,rl comrìunitjes (P.rlonrbo & Mussi 2001).
T[rnolcr indices (TI ='li' FO + '/" LO / 2) rrc
crlculared using f;rsr occu!rence ('Ìr' I'-O = l-O / RM x
100) ;rnd last occurrence ('lì LO = l.O / RM r I O0) per-
cenr.rges. This pernlirs us ro normllise LO rnd FO h'om
rhe number of specics (N) lt thc trrnsition betn'een rs'o
'ucic.'ivc biochlon,'loqic.rl rrrtitt tt'inr:.ì runninq nre.rn(IL!l = N - (FO + LO / 2) .rs in Torrc et xl. (1999).
Results
The lr;rlian latgc nrantnr.rl conple\cs have changcd
rhrough rime in conrposition. richness lnd srrucrure. Thcse
llrilrions hl'e been dcrermincd bl concurrent eyents such
rs dispersll phases lnd e\rinrion ercnts. As discusscd alrole,
fluctuation of coerisring spccics nunrbets m,rv rcflect :tctu-
lt richncss changes or mlv be due to incomplcte sxnpling.
Thc r':rlue of rhe nr.rnrnrli.rn specics completeness indc\
CI rcsulting iron rhc UTI-BU,rndtsis is consisîenth high
rhrouiÌhoìJt the entirc tinrc spirn consìdcred. Thc lon'cst val-
ues of Sainr Vellier, "Ponte G.rìcria" (Ct=67) and Fontrna
R.rnLrccio (CI 
- 
71) ire verv cìose to !hc minimum virlue s
indiclred for l correcr estinìirtion of rppciìrinccs. dis:lppe;rr-
inccs and tiì\ononric richness (< 70, Nhrs et al. 1995) (Fig.
3). The morc conscrv:rtivc Clbd.r indcx shon's signiiic.rntl]'
lon cr r alucs rvith respccr to Siint V:lll;er:rnd "Ponte G.rleria"
FUs. This sould bc erpected considcling the high nunrber
oi ranse-throuqh specics .rnd the los proportion of spe-
cies presenr before, duling lnd:rfter rhesc inrenals. Consc-
quenrt), rhe richncss oi the .r[role nrcnrioncd FUs could bc
unclerestinr:rted, irs could be ro l lesser dcgrec, the standing
richness of hte Villafranchi.rn and Grlerirn FUs (fronr Far-
neta to Slivir). The results oi the UTI-cluster lnahsis pro-
vidc quire sinriler rcsults. Thc CI indcx shorvs high vllues
for all intervals, sìrere,rs rhe l ues of Clbd:r inder relch
thcir minimums ilt the intetvlls cortcsponding ro latest Vil-
hirrnchian, earh Gllcrirn rnd "Pontc G.lcriî" clustcrs.
The largest nunlbers of t:r\ir occur rt Tasso, Iserni,r
rnd "Vitinia" FUs. The highest vllucs of conrpletcncss
(CI :rnd Clbda) \\.ere also rccorded in thesc FUs. irs \\'ell
irs in tbe Triversa I:U (Fis. -3 .rnd -l).
Standing richness









-t- cl o crbda
the UTI and ETI appro.rches (Fig. I ; Trb. l, 2 and J ). UTI
ln,rlvsis rcveaìs thlr thc. stirrrding richncss nreasured on thc
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Fig. J ' \l,rrrrmrli,rn spccies conrplcrc-
ne's indices pclìntclr.rl plot-
red,rgrinrr rinrc intnrl. us
ing rhc UTI BU irt rnd UTI,
.lusrer (b) ipPrcrchcs.
blsis ol spccies occurrcnccs in biochronological units gcn-
e,rlìll incre.rscs from the Ruscinian MA to the Plio-Pleis-
tocene. Tir,o ml jor flucruations
c,rn bc'dctectcd th;rt cor respond
to thc verl important ilerion ar
the end of the Turolian lnd to a
lcss importlnt flerion during thc
latc Vill.rfranchian. Both iluctua-
tions lre follon'cd bl an incrclse
in thc nunrbcr oi species. This
incre.rse is more gr.rdual during
errir' .rnd niddle Villafranchian
MAs. The r ichncss nininrum
r':rjue corresponds ro Ruscinian,
nhich is in :rgreenrenr rvirh the
scantl knorviedge of ltalian lo-
c;rl faunas belonginil ro rhis MA.
Consequenrlr; extinction laluc ar
the end oi'lurolian \\'as overes-
tinrarcd.
Du rin g the earÌ\. and
nriddlc Vill:rfranchirn, new ap-
l'ig. 1 - Ì\'l.rximun number ol spe-
.ics (Nr) ind rhc iirst-.rnd
h\r occurrences pcr rnlerlrl
pLxrcd .rg.rinst rime interr.rl.
usine the UTI BU (.r) rnd
U rl-cluster (b) rnd !.TI (()
rt'pro.ìchc\.
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1 88 50 .15 4
2 100 100 95 12
4 82 50 13 9
3 67 27 135 2
5 8863 15 9
I 88 73 16.5 8
14 93 88 22 10
7 83 58 185 4
5 85 56 155 7
6 7955 15 4
7 A3 58 18 10
86740222
11 94 85 23 13
9 71 4722 3
147967246
20 94 91 27.5 6






















0 64 0 67 (+ì 2 2.72 O 19 0.74
422 179 l++) I 469 234 171150 150 4 475 012 4.84
286 | 32 l-j 3 5 09 0 86 0.59129 1 46
415 202
014 1 13
a 27 1.22068 066759 233
1.03 0 60 o 10 6.52 r 86 1 53
8 533 1.34 150
4 3 04 0 34 1.32 (-)
7 10.67 126 0.66
7 492 088 142
5 516 000 097
2 356 068 056 ()
Vl nia
319 030 (--) 4 709 135 056
547 149 11 7 69 1.43 1 43
093 0s8 (-) 4 s12 0.25 078 (-)
0.01 0 96 0 6.94 694 000 ( )003 094 o 5 768 094 066 (-)0.00 0 99 16 6.32 14.42 2 53






''+ ' rnd signiticrnrlr i
.rr p< 0.001. (+ rl ot l- -t ;rr p< 0.01.]nJ 1+l or 1-) rr p< 0.C5.
perrctÌccs outnunrllcr e\tinctions and the nunrber of sPc-
cics progressivelv increases. At the end oi Plioccnc.rnd
beginniqg of l;rte Vill.rfranchi:1u, thc stancling richness .rt
the Olilola FU relches a valuc compxriblc to thxt of tlìc
Turolian IVIA. This progressive i;runal renerraì seenrs to
eÍcntuall\ bc conrpìeted at T,ìsso FU (lrte Villafranchi-
an) whcr-c a notilblc pexk in rhe standing rìchness r,rlue
c:ìn be detectcd.
The sanre increase in richness chlrtcterises the
Olìr'olr*Tasso inrelr,ll ìn tlre UTI clustcr analvsis,
rvhcr.c,rs in rhe F.TI lnallsis thc highest r.ìchness value oi
thc Plio- F.;rrh Plcistocene corresponds ro the timc lapse
bet s cc'n lbout 1.0- | .75 tr{a. rr hich is more or lcss equir 
'r-
lent to thc begìnning of late Vilìafienchi;rn.
During the following Eirrly Pleistoccne (Farneta,
Pino.rnd Colle Curri FUs), UTI BIJ anrlvsis rocals
A2 Rusclnian + Triversa
8111 fvidd e V lafÍanchian
8112 "a" Oivola + Tasso
8112 b Farnela
812 P,.ro + Colle Curli
821 Ponle Galeria (+ Venosa)
225 21 08 0100 105 18 18.79 003 0.96 (++) 11 T4.64 091 075
0.85 28 2 I 3 93 60 16.5 18 18 59 0 02 0.97
0.35 32 2 7 8 94 80 2',t 18 14.',12 107 1 27
14 14.18 0 00 0.99
11 12 09 010 091
02 25 5 1 7 83 58 185 4 7t1 178 0.52 {-) 10 8.84 0.15 113
0 5 26 3 4 4 90 57 16.5 11 12.61 0.21 0 87
0.15 23 5 2 5 82 50 165 I 523 2.72 1.72
8221 Sl via + lsern e + FonlanaR 03 35 0 5 8 100 100 21 5 18 13.08 1.85 1.38
022 33 1 0 15 97 94 245 12 1277 A.A5 494
12 11 55 0.02 104
6 7.25 0.22 O.a3 e)14 11 60 0.50 121
5 11 37 3.57 0 44 (--.)8222 early-middle Aufel an
LaleAurelian 013 34 0 2 12 100 100 22 6 736 0.25 0.82 ( ) 16 8.54 6.51 187
Chisouare 8.017 Chisouare 17.048




Obs.: oì::cnecl. Erp.: exprcrcd. Erpccrccl ,rppc.rrrncts stre crlcul.ùe<l .r': Rc : eyr I' l.iir + I.ii ln (Nsri + C.731 ln (duritnrn)l
rnJ crpecr<rl tln.rppcrr.rnccs scrc crlcul.rred rs: Re = e\p [0.576 + 0.76-1 ln (Nsrl + 0.387 ln (duLrt;on]l. RQ: nrtc Quoticnt, olcf,rll
signific.rncco|rheobscr.r'ccltunroverp.rtrclnblchi-sc1Lr;rre
highobscwcdturnorerisindìc.rredbr..+',.lndsigniiiclntlrlr,*'obscr.cdrL,.nor",isinL]ic.ttedbr',,-,,b.rsc
str:rpped disrriburion. (+ + +) o. I -) rr p< c.col. l+ +) or (- -) :ìt p< 0.c1,,ìnd (+) or í ) ir p< 0.0i.
PliaccltL'- PIL;ttoccltt nt,ntntal tttrnottt it It,tlt











































































































19 7 .76 16.30 2.45
7 7.53 0.04 0.93
10 7 .76 0.65 1 .29 (*+)
6 8.57 0.77 0.7O (+)
8 6.33 0.44 |.26
7 6.20 0.10 1.13
6 5.74 0.01 1 .056 5.84 0.00 1.03
6 5.45 0.06 1.10
3 5.45 I .10 0.55
9 5.19 2.79 1 .73
4 5.04 0.21 0.79
5 5.27 0.01 0.95
7 5.19 0.63 1.35
3 5.36 1.04 0.56 (-)
7 5.'t9 0.63 '1.35
I 4.77 3.75 1.89
7 4.90 0.90 1.43
11 4.48 9.48 2.45
4 4.38 0.03 0.91 C)1 4.97 3.17 0.20 (-)
2 6.07 2.73 0.33 (-)
0 6.77 6.77 0.00 t-)
10 6.53 1.84 1.53 (f)
11 6.42 3.28 1.71 (++)
'1 '1 6.53 3.05 1.68 (++)
0 6.95 6.95 0.00 C-)8 5.76 0.87 1.39
2 5.6e 2.39 0.35 C)I 5.42 2.36 1.66
2 5.44 2.21 0.36 C)5 5.25 0.0'l 0.95
6 5.25 0.11 1.14
2 5.1O 1.88 0.39 G)7 5.01 0.79 1.40
6 5.15 0.14 1.17
6 5.10 0.16 1.18
5 5.20 0.01 0.96
4 5.10 0.24 0.78
I 4.84 3.58 1.86
8 4.92 1.93 1.63
2 4.65 1.5'1 0.43 (-)
8 4.59 2.54 1.74
9 4.96 3.29 1.A1
5 5.62 0.07 0.89





T.rb. -ì - \l.rnrnr.rl rp
pect.:ll'l-rpecretl.rppt.rr.rnceslerec.rlcrr].rtct1.u:Rc=eÌPl-c'579ln(N\|)+..]5].ìnddjsiPPc.]|
L0-]is]niN\ll-:'6s]].RQ:lì'rteQurltì..lll.ortrlìl
orrr i' intl'crrcLl bv - brsed on ronp.rÍirrn rirh tioot'rr.rPped disrribution. (- + +)o, t- - -) rr p< C.Cal. tr +l or (- -) p<
C.C1..rrd (+) or (-) .ìr p< 0.C5.
thlt richncss clecreesccl, rÌttaining values sinrilar ro those
of the end of the middle Villafranchian (Costa San Gi-
aconlo FU). UTI cluster and ETI lnrllses produce simi-
llr richness pnttcrns, lìthough decrc'rse in richncss in thc
latter is lcss evidcnt.
The Ìvliddle Pleisrocene is chirxctcriscd bl the liigh-
est standing richness r':rlues rhat progressivclr- increlsc
from Slivi,r to "Vitinir" FU (but sce rddendr). Thc rich-
ncss value docs not sho\\'anl inportant pulses, excepr at
rhc Fontan.l Rrnuccio l;U, n'here ,r slieht iìexion cen be
dcrc'ctcd (possibh relilcd to thc lorv valuc of CIbda in-
dcx) (Fig. 3). In cffcct, U fl-clustcr uaÌr'sis sho*'s thrt :r
pr-()gressì\'e increase in richness occurs fronr Slilia FU to
"Virinia" FU \\'ithout .ìnv flucturrion. These resulls iuc
consisrenr rvirh thc d,rrl obtlined fronr rhc cqual tin.re in-
terr,rl anah s is,
Turnovcr
Tur nor er changes cxn be estirnited Íìs r.rte quotienrs
thlt normalize rhc nunLrer of first ilnd lxst occurrences in
thc inrcnals taking into consideration Lroth rhe duf:1!ìon and
the diffcrcnccs in spccies richness anong thcm, calculated
as rhe rxtio oî obsened to e\pecred turnover ((ìingerich
1937). Using thìs nrcthocloloeical epprorch it is possible to
e\;urì the faunxl renen al during the tinre corresponding to
a biochronoìogical unit,:rnd ro hishlisht rhc difierences in
taxononlicel conrposition Lrctleen successive biochrons.
The results of the rnalvsis (Fig. 1) based on FUs
(unequrl rime intcrlal) firsr rrnd lest appeîrancc rirte quo-
tients (RQf and RQI respcctivelr-) miìtch each other quitc
closelv during the last Mioccne to carly Plioccnc time,
suragcsring thrt tlre retc of appeerences ud diaslppe,lenc-
es nìill compensite each orher and that a broad range of
rrtes might be possiblc rvitl.rin this "eclr.rilibriuur". At the
transition fronr Tur oÌju to Ruscini,rn MAs, appearenc-
es surpxss dislppearances in <luotienr, but not in total
number. Not$,ithst:rnding, the ìowesr strnding tichness
villue is obser\,ed at Ruscinixn. The rclative quotient lle-
tn,eerr first and hst occurrcnces shos's a siurilrr tr end be-
tn'cen rhe Rusciniln MA and rhe Trivc'rsa FU and bet$'ecn
--'.'. 
eo Ftrst * ,o Last __i_ Tlmover
' _ 
òo Frsl * o.las] --aF Turnove'
5+0 I]. Az,ntz,r, .ll. R. l)tlonbo N .t/. 7. ,-liócrli
the Sainr V:rllier lnd Isernir FUs. Plr.ticularlr. sirnilar irr
pattern are the rxtc quotients frortr "Ponte G.rleria,'ro
lsernir FUs. Morcover, thc high r':rlucs of both llel and
RQI colroborarc thc turno.r.cr pulses rhir occur lcd ar rhe
Trilersir, Cosrir San Gilcomo.rnd Isernir FUs. l'hc nr.rin
diffcrenccs in rrte quotienrs (RQf rnd Rel) c.rn be de-
tected during both rhc carlr.Villafianchi.rn (Trilcrs;r FU)
and e,rrlv nriddÌe Vilhfranchirrn (Monropoli FU), s.hen
appexrenccs tend to prelril, and during the earlv l:ìtc Vil-
lalranchirn (Olilola + Tasso IrUs). Thc RQf r.crches irs
nraximunr value at rhe begiuning of thc middlc Girler irn
(Slivir FU) n.hen first occurrcnces clcrr-lv donrin.rrc. Ref
reaches irs lrlrirrunì \'ilue ilr rhc beginnine of rhc nriddlc
GlJcrian (Slivia FU) rvhen firsr occurrc.nces olrnrLurlber
lasr occurrcnces. During the Iscrnia F U firsr iìnd l,rsr oc-
currcnces arc quite import:rnt both in rrte quotienr ind
in total nurlbcr of spe cìes involvcd. Mìnor chiuges ch:rr-
actcrisc thc latc Gllclian and Aurelirrr MA, durins s hich
rime the RQf does not van signiiic;rntlr: Thc highest r.tl-
uc of stiÍìding richness is dctecrcd irr the "Virinia" FU,
s'hile rhc RQI rcnrains unch;rnued.
I rq. 5 - l.ìn t",,l.Ol rnd iirsr {,'"|())
,'ccurIerrcer i.rrr.centrg..s, .rn,l
r u rnor cr incticer plottcJ
ri.ìln\r Llnlf InLcf\.rt. u$n!
rhc Ufl- BU r.rr rnd U ,
clurrcr rht ;rntl Ell (.r ip-
prr.rchis.
Tulnover lÌìiìl\'sis biìsed
on UTI-clusrcr errph,rsises rhc
prerilencc of RQl clurirrg rhe
clllr' l:rte Vilhf.rnchi,rn rnd cr cn
rrrorc nr:rrkedlr. cluring thc nrid-
dle Grleliln. Thc nrrrinrun virl-
uc of RQI occlrrs ir rhc rrrnsi-
tion ironr Gllcrilrrl ro Aurcli.rn
MA.
Equ.rl riuc intcn,rl ,rn.rl-
vsis (Ell) gencr.ìres r.ìre quo-
ticnts thrr tcnd ro be nrorc in-
honrogcrrc'ous thln thost' result-
ing fronr UTI .rn.rlr.scs. Ner.er-
theÌcss, thc rc'sults of cqr.r,r1 tintc
intenal .rnlh sis arc consisrenr
l irh rhe orh.'r nrcrhodologictl
.rpplolchcs rvith rcspccr ro the
slobal trcnd of RQf, cspeciallv
as fiìr ils iirre \riillfranchi:rn rnd
Galeri:rn is concerncd. Some nri-
nol differcnccs cln bc detecrcd in thc' rrencl of Reì , pri-
m.rrilv in the'lrre Galer-iln.rnd Aurclian,
Finallr; rhe conrprrirtivclv hish r'.rlucs of borh Ref
end RQI obtrincd fronr both rhe ETI .rncl UTI (tsU;rnd
cluster) anallses confirrtr the rulnovcr.pulscs .rr Trivcr-
sa, Cosr:r Srrrr Gilconro, Pirro lnd lsernia FUs, Consid-
cring the rcsults ls ir thole, rhc nrî;or rurno\cr pulsc
seenrs ro havc tlkcn plirce during rhe bcrinning oi rhc
G:rlcrirn MA.
The results obr:rined fronr t-TI, UTI-BU, UTI clus-
ter, ,lr)d bootstrrpping an,rl\'scs .rre lll 1'crv simil . As nten-
tionccl preliouslr'. s e uscd the chi-s<lrrrrc sooclness-ro-fir
to rcsr rhe obsclled turnor.er pltrcrn. First :rnd hst oc-
currenccs .rrc sigrrilic,rntlv hetcrogcncous aluong interlals
usinr: the cqurl rinre inrcn irl appr ortch (2, = 5 1.63 for first
occur[cnces tnd /: = -l 1.89 for hst occurrences; p < O.O I
encl p < 0.1 rcspectìvch..,rnd dcgrec ir.ccdonr = 22). Fìrsr
irnd hst occunences ;rrc also sitnificlnrh. hereroqeneous
in both the uncqual f:run;rl units timc intcrval (./., = 39,29
for first occurrences :rnd 1: = .15.57 for liìst occurrcncesi p
< 0. | ,rnd desrce fiecdont = I 7) and the uncqull cluster
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T.ìb..1 .h: -\{rrrir oi rhc clirn.rric drL.r ior.tfe hsL 3.5 lfr in rcl.uionship rith ETI intenels. 4b:
Clorrclation cocfficicnts bet*een clirr.tic uri.rblcs for the 3.5 l\4:L drtrsct. +.: \Lln,iirant
corLclrrion cotfiicienrs beL",een irunrl erenrs.nd 1.5 Mr climrtic vrrirblcr Gll spccìct).
;: 
= p < 0.C5 rnd :rr : p < 1.01. ALrbrei i.rr io,rs: lNTliR: equrl inrenrls; NC'r: numbers
of cvclcsr Nl,dc: tcnpcrrrrre nrod.rL llCV: mrcnìtude ol clinrriic mfirtions: ì\fCC: ntag-
nirudc of climrric chngcs; Nsr: srrnding richnessr RQf: rppe.ìrefcc rrte quotìcnt; RQì:
dtriPPerfcnce r:ìre quonenr.
P[íocana Pleistocene fitahlndl turnaler ì ltdly 511
detected at Costa San Giacomo/
Olivola FU transition. A $/eak-





vailed. During the Galerian and
the Aurelian MAs rcaÌ turnover
phascs cannot be detccted. The
imponant middle Galerian fau-
nal renes'aÌ is mainly character-
ised by a high percentxge of first
occurrences, consequently it mav
be more representative of a faunal
dispersal rhan an actual turnover
pulse. This dispersal is foìlowed
by a weak extinction phase at the
end of the Galerian MA (Fontana
Ranuccio FU), followed by verv
limited dispersal phases. During
the entire Aurelian MA the vaÌ-
ues of the rurnover index pro-
gressively decrease and changes
in fauna composition are min-
imal. A minor turnovcr also
characterises the transìtion from
GaÌerian to AureÌian MAs.
Climate-faunal changes
correlation
Similar ro rcsults obtained
by Foley (1994) and Prado et al.
(lUUl), our arlaLysrs reverl\ that
climatìc change is not a sin-rple
tinrc inten al (Xt : 8.02 io. fi.st occurrences and /r : 1 7.05
for last occurrcnccsi p = 0.01 and p < 0.5 respectivel]-,
and degree freedom = 9). As a result, u'e reject the nuìl
hvporhcsis lor eÌl three approaches. For each inten al, the
observed nunbers of first and last occurrerrces are conr-
pared with the expected numbcrs generated for each of
the 10.000 simuletions. Significiutly high or lon'obsened
turnover bxsed on comparison with three bootstrappcd
test distributjon are sho\\'n in Tab. 1,2 and 3.
Turnor.er can also be rcgardcd as a disruptìon of
equilibrium species diversitv crused by phases in t'hich
rrrirlrip e ertirc ion' 
-r. foì orled br .top..tt-rrc...,. tten
raxa bv rvaves of irnmigratìon or by local evoÌution. Ac-
cordinglr,, it ìs interesting to comparc the above mcn
tioned results rvith those obtained frorr anallsing all oc-
curreDces at tìÌe transition belrveen two succcssive FUs,
based on the numbcr of extinctions of prc existing raxa
and the occr-rrrences of ne\\'taxa (bearing in mind the
richness of taxr present in both previous as $'ell as suc-
cessivc FUs) (Fig. 5).
The results obtained fronr the UTI-BU approach
indicate thlt a maior turnover pulse took pÌace at the
Triversa/Montopoli FU transition. A turnover can be
phenomenon, and thar different patterns of climatic-fau-
nal evoiutionary interactions can be expected dependjng
upon nhich climatic variables are used. Following Fo-
Ìey (1994), the results of the ETI analysis (dìr'ersity and
turnover patterns) werc corr clated with climatic chang-
es reprcsenred by isotopic curves. Variables used for this
anall'sis ìnclude: number of climatic cycles, maximum
ò''O, minimum ò 'O, modal temperature, magnitude of
clirnatic var iat jon (maximum temperature - less minì-
mur]ì terìper:1ture), and magnitude of climatic change
(modal tcmperature of one period less the nlodal ten-
perarure from the preceding period). The correlation
between these variables and borh standing richness and
thc and disappearances rate quotients was explored using
the matrix shown in Tab. 4a. The cÌimate of the last 3.5
Ma (it is not avaiÌable a complete onc for 6 Ma) shon's a
gradu:rì transition betwcen cooler conditions during the
Villafranchian to more temperare conditions during the
Holocene times. Significant rclationships are found be
r$rccn limc and maxinum ò'' O for cach period (Tab. ab).
A sìgnificant association is also found between maximum
ò ' O values and climatic variation. Although temperatul e
variables are closell' reÌated to each other, rhe magnitude
B. Az,ttz,t,.ll. ll.. Palc'ntbo 3<.ll. T. Albcrdi
of change, and the variabilitr. in cliÌìlate xrìd clinaric sra-
biiity are not significanrlv correlatcd. In addirion, ir sis-
nificant correìation indicarcs an association bctn-een both
variables (nragnitude ol climatic varilrjon lnd magnirucle
of climatìc change), but docs not imply causalitv ln thc
sarle \va\i ir must be noted that r l:rck o{ a sienificut
correlation does not necesslrily ntean rhlt there js no
cor relation betrveen variables.
The clin.ratic hlpothesis prcdicts thrt r siqniiicanr
srarisrical relationship should occur berween clinatic end
faunal events. A nurrber of interesring pxttcrns enrerqe
in this analysis. There is a signiiiclnt posirive corrcla-
tion between RQf :rnd clinratic v:uiltion in eech inter-
val. Standing richness is also posirir.elv correlared nith
the minimunr ò'' O values. The positir.e relationship ob-
served betrveen borh variables is staristicallr. siqnificant,
p < 0.05 and p < 0.01, respecrileh (Tab. .+c).
Discussion
Changes of fauna composition înd comntunir\.
structure over tinlc can be inferred by enallsìs of mem-
malian richness. Rjchness and the ìntcr-relationships
among rates of origination or imnrigrarion ,rnd rltcs of
extincrion or cmigratìon are dependent upon the rcìarir-e
quality of the sanple. Evaluation of rhe acrual dilersin'
at a girrn inr.rral lt.rr bc hrndered h) .uch probl"rrr.,r.
gaps or missing timc intervals in thc fossil rccord, differ
ent taphononric biases of clch man'rmal group, rlndonr
factors, or by poor or controversial knol,lcdge ibout
the sl.sten:rtìc position ol some taxa. Never thelcss, b_"-
using more than one mcthodological approach ir is pos-
sible to see the following more clcarly: 1) faunal r';Lria-
tions due to rhe appearancc of rìew taxa,2) the ecolor:ì
cal vicariance ol prc-exisring tax:r ior rr'hich there is no
substar.rtill changc in structur e, 3) the appcarance of taxa
wirh nel,adaprivc r),polo$'and.+) the insrances in u'hich
there is a significant rate of fjrst occurrences (dispcrsal)
thar affect the structure of manntai complcxcs ol Ital-
ian peninsula.
In thc northwestern Mediterranean xrca! rhe high
vrlue of first and last occurrences indicares rhet rhe fau-
n,rl renewal from the Mioccnc to Ruscinirn *,irs a nrarked
lurnover pulsc aDCl r'Ìot a dispersll cvent (Azanzl c.r al.
1999,2OA0). The lack of qualitv data fol rhc Ruscin-
ian mammal of Itrly enables us to detect only an:rppar-
enr decrease in richness, q'hich is suggcsted by thc slight
predomìnance of last occurrences. The prtterns creared
by all methodological appro:rches are verl similrr. The
turnover pulse at Ruscinian-Villafranchian rransirion is
emphasiscd in Itali:rn faunrrs bv thc' l,rck of dara Ior Early
Plioccne nrammal lsscmbllges conpared rvith the cl.rssic
European Ruscinirn assemblages. Ho$'cvcr, this phase in
Itirly can also be regarded as a true turnover because oI the
disappearance of nran,v Ruscinian taxa typical of humid
rnd der'ìse forest enlironmcrtt and br the appeirance of
some txxa that inhabit cornprrr irtivcll' open en!ironments
(Caìoì .\ PeÌonrbo 1996: Torre er al. 2001i P.rlombo in
press). The incre'asc in studing richncss fiorr Ruscin-
irn to Villafranchìan is cnrphasiscd in the ETlipproach,
n hile in thc UTI-clustcr rppro:rch, \\'here Ruscinian ancl
Trivcrs;r FU loc:rl iaunls rre grouped in a singlc clustcr',
a slight reduction in richncss cu be derected.
As pointcd our b\' selerxl authors, an inrport,rnr
l.tun.tl r(ncn.tl rrr.trk' thc lr.rn\tl^n b.rrr..,n Tlivcr':.r FU
rnd tr[or.rtopoli FU. Durins rhis tine. the tax;r of nood-
ed habit:rts dis.rppel encl the occurrcncc oi ne\\'r.r\;ì en-
richcs the percent:rgc of species suggesrive of opcn hnd-
scaPcs (c. !1., ,ì/arri t utl) s leidiolqlis gronoti tnd Etlutrs
fuienzocensis), Hol'evcr, rhe survjval of son-re herbir,ores
in Montopolì IjU and of ser,er:rl crrnivores in thc Triv-
elsa FU reduccs thc difierences be'tueen thcse rs.o fau-
naÌ conrpìexes. Thc resr.rlts of our anirlvses conîirn t]rc
relevlnce of this evenr, r'l-rich rrppears ro bc l turnover
phase il n'c consider rhc lasr occurrences at rhc e'nd oi
Trir,ersl FU ancl rhc first occurlcnccs rt the bcginnìng of
the follorl ing Montopoli FU. Moreole q this cvent cllr
bc reg,rrded ts rr srarring poinr lor nc* dispersll phrscs
considering thirt lirst occurrences donliDare dur-ìng the
\fontopoìi FU and rh,rt richness conttnues ro tncreîsc
drrring the Middle end Lrte Plioccne (Fi*. 1). The crr-
l. .rriddle \ ill.rir.rn. ìri.rn p.rlcocorrrrrrurrirr reoru.rni.Jrion
sccnrs to be correl:rred rvirh rhe m.rjol ptrlse ìn thc lltc
Neosenc slaci.ll trcnd, u,hich is follorvcd b1 a furrhcr
inrportlnr clirlrrric crisis,rld conculLenr enlirclnnent:tl
ch:lnscs t l.-ll3.3:rnd 2.7/2.6 Ma. The irr.rnal conrpler of
the T:ivelsa FU (c;rrlv Villafr,r n chìrn) . though renclccl
nith rcspect to the Ruscinian faunas, nrlintains a rcla-
tively damp forest char:rcter, rvhereas in the Montopoli
FU (e.rrh niddle Vilìrfr:rnchi.rn) therc is I substantial re-
duction oi ioresr rar:r;rnd thc îppearance of several neu.
hcrbivores encl larse-sizcd r.nlnrmals (P:rlombo in press
end referenccs thelein).
The feun:rl conplexes oi rhe Olivoìl and Trsso FUs
shorv l marked change in manntal associations due to 1)
the dis:rppearancc of r rnajoritv of thc Pliocenc species,
2) the *,idespread appcarancc of nerv Ìargc cirrl.rivores
and nodcrn dogs, ,rnd 3) to rhe relltivc abundancc of
lar ge herbir.ores inhabiting open enlironmenrs. Accord-
ir.rglv. thc results of UTI and ETI xn:rlvses denlonsrrare
a cìcar incre,rse in dilersitv lound 1.9-1.7 Nta (Fig. l).
The turnover puÌse corresponding to the bcginning of
latc Villafranchirrn MA is consistent s,irh the hich valuc
of borh the iirst and hst occurrcnces inder.rs sell as of
the turnover index. Thc so-calicd "n olf-evenr" (Azzaro-
li 199.3) has to bc regrrdcd not onlv,rs a dispersll pl.rrse
but rlso as a true turnoyer pulst, rellted to the clinrrte
ch,rnges that occur at the end of Pliocene. Tl.rese cìir.nltic
chànges produce progressile originJtions (imnrigration
rnd local spcciirtion) oi taxa 
- 
both carnivores :rs u.eÌl as
herbjvorcs (Palombo ct a1.2003).
In tlie LFAs beìonging ro Farncta, Pin o and Colle
Curti FUs (representing a single clusrer eccorclinq to Pal-
onbo et ,rl. in prcss), nrost of the typicaì11'Viliairrnchi-
an taxa progressivelv disrppear or àpperr much less fre-
quently, and the fossil rccord bccones rnore disconrinu-
ous. Species that are identical to or sinrjlar ro rhose of
the Galerian Middle Pleistocenc prorressilch'begin to
appear. Fìrst occurrenccs durinc this tinre do not cc1ual
last occurrences. For exanplc, the inrbaÌance at Farnetr
FU is due to the higher value of RQl that nuks the Lre-
ginning of a decline in richness.
The divcrsity of hcrbivores, m:rinh- r unrinanrs, no-
ticeablv dccreascs. The dccìine of runrinants scems to bc
mote irnportant iìt the gcnus levcl during the cntire larc
Villafranchìan due to the "w'olfcvcnt" (Torre er aì.2001).
Furthernrore, sevcral dara seem to confirm thc transitional
character betwccn typical letc Villafranchian and typical
Galcrian mamnral asse'mblages. The faunal renen':rl thar
produced rvpical Italian Mìddle Pleìstocene Galeriu fau-
nas is e grrdual phenonrcnon. Thus the "ear'lv Galcrian"
frunas calibrated *.ith the Jarirrr.riÌlo 
'rre 
nrore closclr- re-
l.rt.d to thc latc \ iì a{rlnchi.rn f.rur.t il .rrnct.r .rnd Pirr"
FUs) than thev rre to tvpical Galeriln assenrblaecs (Pa-
lombo et aI.2003).
In the UTI an,rlvsis, tìre important faunal disper-
sal rhat tlkes place at the end of rhe Pleistoccne is high-
lightcd bt the highest lelue of RQf quotient ar Slivir
FU, This dispersal is y et more evident in the ETI anal-
ysis n'hele the RQf progrcssivelv incrcases fronr l.O to
about 0.6 NIa. This dispersal phasc is folìorved br':r true
tumover docuncnted lt Isernia FU, in l'hich thc most
pcrsistent ViÌlafrrnchi:rn ter,r, meinlv carnivores, disap-
pcar. Dìvcrsity is noricerbly high, especiallv anrong her-
bilores (Pirìombo in press).
The rcnev'al of flunas that occur aÌ the end of the
e.rrlr Plui:rocenc i. rcl.rted ro important r'.rri.rtion. in
climaric conditions and to the cvclicitr. of climaric fluc-
ruar;ons. The rencv'al, whether due to Local cvolution of
pre-existing taxî or to immigrations fronr Asia and/or
Ccntral Iiurope, seems to occur ìn two successive phrses.
Horr-evcr, this mav be overestimated due to the lack of
dara lor "Ponte Galeria" FU. The opportunitl'to scpa-
rate tl.rc nriddle Galerian into threc diffcrcnt FUs has to
bc reconsidered (Palombo in press), In anr-event, the
trusition from Earìl to Middle Pleistocenc faunrs rcp-
rcsents l major communitv re'organization thar dcpicts a
significant progressive rejuvenation coincidcnt with the
onset of 100 kl clinate cvclicitv and vegcration changes
relared to climate rvorscning.
At the cnd of Middle Pleistocene and during Upper
Plejstocene no importrnt turnover phase can bc detecred.
Neverthclcss, thcre is an increase in richness observed
during rhe late Middle Pleistoccne thrt is consistent rr'ith
thc improvement of climatc condition and, possibly with
rhe fragmenration of en, ironnrents in rhe Italian penin-
sula (Palombo & Mussi 2001).
511
The discussion above has focused on rhe actual
ch:rnge in climate nreasured by rempcrature. Although
temperaturc does add a degree of stability', it nral'not be
thc vliablc. It is possible to hyporhcsize thar regardlcss
of the direction of change, a decrease in climatic srabil-
itv is Iikelv to have an effect on diversityr ln this anaÌvsis,
climlric strbilirr. is measured in terms of l ) rhe number
ol rr.rjor o:ciìì.rtions or crcle' pcr unit of rime. 2 rhc
amount of variation in temperature per unit of timc (es-
tinrated from the dilference between mlximunr and mini-
rnunr ò ' O values), and 3) rhe magnitude of change (Ta-
ble 4a, .tb, .lc).
Conclusion
The rcsuÌts obtained by thc different methodologi-
cal ;rpproaches (ETI, UTI-BU and UTI-cluster analvses)
ere b.rsicallv concordant and shorv similar trends. In the
case of the UTI-cluster approach, dìversìtv among faunal
conplexes is lcss evidcnt than in the other methodologi-
cal appr oaches, due to rhe fewcr numbcr of inrcrvals ana-
llsed. On the orher hand, the UTI BU mcthodological
approach seems to highlight the renewalphases thrt cor-
respond ro the most important faunai reconstructions.
Results of the analyses confirm that the most im-
port:rnt faunal rencwals take placc at: early- middle Vil
lairanchian, middlc-late VilÌafranchian and earl)-middle
Galerian (sensu Gliozz\ et a1. 1997) transìtions. These
launal rencn,rls, due both to originations/imnrigrations
and extinctions * originations/immigrations, can bc re-
lered to nrajor global clinate changes,
Earlv- n.riddle Villafranchian transition: Pliocene
clinrate v'orsening corresponds ro a turnover phase if
rve consider the hst occurrences at thc cnd of Triversa
FU and thc first occurrenccs at thc beginning of the foÌ
lo*'ine Monropoli FU. Moreovcr, this cvent can be con-
sidered as:r starting point ior ncw dispcrsal phrses given
thrt first occurrences outnumber last occurrences dur-
ing rhe MonropoliFU .rnd richnc" conrinue. ro in.rc.r\e
during the Middle and Late Pliocene.
Middlc-late Villafranchian transirion: around 1.9-
1.7 Ma (Olivola and Tasso FUs) both a clear increase in
dilersirl and a rurnover pulse (high r':rlue of both first
and hst occurrences index as wcll as of turnover index)
can be dctected. The so-called "s'olf-evcnt" has to be
regarded not only as a dispersal phasc but also as x true
turno..er pulse, related to the climate changes occurring
ar the cnd oI Pliocene
Earlv-middle Galcrian transition: the trensition
fronr Earlv to Middle Pleistocene faunas rcpresents a
major conrmunit,v reor ganizatiort (dispersal followed
by r turnover phase) thar sho*,s a significant a prolares
sivc rejuvenltion coincident with the onset of 100 ka
climate cyclicitl'and vegetation changes related to cli-
mate worsening.
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'We also can observe that thc major turnover puls-
es do not always correspond to high divcrsitv phascs.
Moreover, a faunal turnover usually marks the begin-
ning of a more or less long period of richr.ress incrcase,
which is followed by period of decreasing richness. Ac-
cordingly, it seenrs that in some cases an environnrenral
chanBe encourages a more efficient exploitntion oI rc-
sources, which giYes rise to an incrcase in mammal di-
."'.ir...rl .irl'."..
The results obtained supporr the argumcnr that
climatic changes are a forcing factor in the first appear-
ances (Nf and RQf, including nigrations) o1 mamnral
Îaxa,
JrÈrroi;lclgrrrerrts. Thc ruthorr nrultl ìikc to th.rnk L- \\erde-
lin :rnrl rn rnonlnous leleree for cliric.rlI rr,.rdins.ìrrtl implolin..l rhe
ùrrDu\cr$t. -l his prper \,rs n,rdc po'siblc br .r Bihrcr.rl (:onlecrion
(991T00013) berreen Spaìn l(iSICt ,rnd kiìly (CNR). dùrin{ 1999-
100C. lt is iìlso developcd undct the Sprnish prci.c! PÌJ9s-1250. N1f.
Jrnrc\ \Vlkins rf!;scd rht !ìngljsh terr.
,-1dle,rrl.r. Subsequenr to rhc rubrnjssion oi thc m.rnuscripr.r
revision of rhc l,rte lúiddle J,lcìsroccni LlrAr irorr C.rIrrpìqn,r Ronr.ì,r.r
domonsrì'ecì tht l-lrAs preliouslv.rsclibccl to lone in Pictrr lnLl \ritinil
FUs hlc Lo t,e rcierrcd to .r sin,rl!'!U (1bnc in Picru lìU) il,.rlombo,
Ilillis lt Ros.r in prcss. Remrrks on rhc !rr. \liddl( t)ìcnrocent bio-
chlonolosl oi nr.rnrù;rli.rn i;run.rl complesces of rhe (ìrnpllnr Ronrrn,r
<;eologicì Roùant,i7).1hc nes bìochrtnologicrl serrìrr: docs nor
sLrbst.rnri.rlh .rffccr our resuhs.
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